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Abs[ract  -- A plan for the ground-based validation of MISR
ac>rt)sol  retrieval is outlined. Activities occur in two phases:
( ] ) prc-launch,  work is focused on tccbniquc  dcve.[opnlcnl
and h41.SR algorithm validation using conventional ground-
bascd lliethocls and a MISR sirnulatm (Airh41S}<)  cqmratin~
I[{Jiu  t h e  ER-2 a i r c r a f t  t o  sin]ulatc  hllS1t m-orbit
~Jt~sc’l~,:l[i[)t~s.  (2) Post-launch, [he validation program relies
on ground campaigns, undcrflights with the hllSR simulator
and Ilic LISC 01 local measurements of’ aerosol loading and
pl-opcrtics  anti irractiance measurements derived from the
A1lRONIYI’  and ISIS networks.

INI’RODLJCI’1ON

\\)C outline a grouncl-hascd pr-ogranl  101- validation of
acr~)sol rccovcl-y algorithms and posl-laLlnch scicncc data
pr{x]ucts  from the Multi-angle Imaging  Spcctr(l]{:lciiolllc[cr
(N41SR).  ‘J’hc  ground opt ical nmrsur-emcnts  program
C’Ill])l(l~S  CollVCOtl OIKd lllS[lUIIICIl[~  (i[lll f[)l lllC~~SUl  L: Il)Cnt  of
dil”fusc sky spectral radiances and irradiaaces and direct
spectral solar radiances, and a new spbctc  s cann ing
radiometer (ciownwelling and upwclling  spectral mdianccs)
I’()[  cslima[ion  of the surface hidircctionzrl  rcflec(ancc  factor
(IIRI~). Intcrprcta[ion  of the atrnc)spheric  mcasurcmcnts  in
terms (II’  acroso]  microphysical properties is carlied out
using inversion methods and algorithms availahlc  Iron] the
literature and developed over the pmt 20 years or so by
numerous investigators. IIcrc an attempt is made to combine
various methods to sccurc estimates 01 all of the aerosol
physical properties important in the MISR retrieval process
independently of assumptions made in the MISR retrievals.
An aircraf[ simulator (AirMISR) is unclcr development for
usc on the ER-2 aircraft platform to provide nc’ar-’l’OA
multi-angle radiance measurements at MISR wavelengths of
grol]rld [arg~ts  over the en[ire range of instrun]cnt view
angles, AirMISR  will rcplacc the Advanced Solid State
Array Spcctromcter (ASAS) which operated from tbc lower
al[itudc C- 130 aircraf[  platform, and wbicb has hcretol’bre
ac[cd as tbc MISR simulator. l’hc simulator data will bc used
to provide estimates of the retrieved optical dcptbs and
aerosol properties according to the MISR retrieval s[ralcgy
for comparison with results 01 gr(~und  mcasurcnlents.
Radiative closure is checked  by comparison ot’ measured sky
radiances with those calculated for the rclricvcd acrosoi
m(dcl using a radiative transfer code.

wc provide herein descriptions ot MISR and tbc MISR
cxpcrimcnt, the MISR aerosol rcco~rc[y s(ratc:y,  the field
instrumcntat ion, and the field-based aertw)l  r-ccovery
algorithms,

l) I; I’INIC1’ION  01’ ‘1’f:RMS

‘l’tic process of validation inlplics here intcrcomparison of
:WI-OSOI properties derived from MI SR-sin~ulator or MISR
n]casurcrncn[s using MISR j,rocedurcs,  wit}] aerosol
properties derived ft-c)m groun&based n~casurcmcnts and
conventional interpretation or inversion methocls.  Implied in
all present  validation studies is a comprehensive analysis of
cxpcrimcntal uncertainties. ‘1’bis suggests a second possibly
indcpcnclent definition of validation, also sought here, as the
Complete understanding of the uncertainties (both
systema~ic  and random error) in each experimental path.

Validation Ileld cxpcrimcnts consist of overflights of a
chosen targc[  by the MISR simulator duplicating the
overpass of MIS}{ on orbit in azin]uth, ciircction,  and local
time of overpass. Sirl]Llltallcc)Llsly,  field measurements of
atmospheric and surface rcflcctancc properties are carried
out in the target area. Whclc possible, comparisons of
radiativcly retrieved aerosol ]Ji ol)crtics from the ground will
be compfircd with direct aerosol rncasurcments,  either
ground-based or from aircraft.

MISR IiXPI;RJM[iN’I’  OVERVIliW

h41SR is schcctulcd  for launch on the EOS AM-1 platfom~
in rnicl- 1998. MISR will provide ra(iiomctricaliy calibrated,
stable radiance mcasurcmcnts corcgistcrcd at nine view
;ing]cs (~70.50,  ~boo, t45.6c’, *2(5.  10, t ) ” )  a n d  f o u r
wavclcrrgths (443, S55, 670, and 865 nm) globally over a
360 km swath of the I;arth’s  surface on each pass. The
fundamental cross-track pixel size at the surface is 275 m for
all off-nadir pixels and 250 m in the nildir  camera. From
these 36 multi-angle and multispectral observations,
cstirnatcs of atmospheric aerosol abundance and
c(~mposition,  surlace bidirectional reflectance properties,
LIOLI(I  top heights and albedo of CIOLICI  layers, surface and
cloud albedo [ogctbcr for mixed scenes, and the surface
albcdo alone in cloud-free areas will be obtained. Such data
wilt bc employed for improved determinations of the effects
of aerosol burden on atmospheric heating and cooling via
constrain[  of [hc global aerosol budget, for identification of
sources and sinks of aerosols, for surface and atmospheric
radiation balance through rneasuren~cnt  of the surface and
‘1’OA albtdos,  and for improved classification of surfaces
:ind surlace architecture via speciflca[  ion of the spectral
[lRI”.

I:ron] the perspective of timing of ground-based
validation can)paigns  or MISR simulator undertlights, at
nortbcrn mid-i atitudcs. tbc cxpcctcd MISR on orbit overpass



time is about I (): ! 5 A.h4 iocai  (imc at a heading of aboLlt
190°.

MISR A[lRC)SO1  , l<l;l’R1!WAI, S1’RATIKiY

‘1’hc  principal hlISR aerosol scicncc data product is the
coiLln~fl  acrosoi  optical  d.’[)tb, r~pr)[”td  at a w~vc[efl@  L)(’

S S5 nm, together with aerosol type. and with spatial
sampling of 17.6 km ~lobally, l’bcse retrievals arc carried
out [or all cloud-flee a[cas. “1’he MISR-based retrieval of
aerosol  arnoL[r~t and ae.1 osol type arc carricci out by
mininlizirrg residuals bc(tvccn  [he observed radiances on
orbit and radiances prcc:llculated  from a radiative transfc[-
rnodcl.

A  collcc[ion  of rr~i~{ures  g loba l l y  rcpresenta[ive  dly
aerosol components and characteristic siz.cs together with an
adsorbed water component driven by atmospheric RH, is
assumed in an aerosol climatology clata base used in the
aerosol retrieval. “1’bc generic pure particle types assumed in
the aerosol clilnatology arc: ( I ) sulfate/nitrate, (2) mineral
dust, (3) sca salt, (4) urban soot, (5) biomass burning
particulatcs, (6) near surface fog, and (7) thin cirrus. For
each of these, the particle size distribution is [akcn as log-
normal except 101-

10: and mineral dLlst, which arc assumed
to follow power laws. A characteristic radius, siz.c limits,
real and imaginary refractive indices (soructimcs  variable
wi[h wavelength), and particle shape arc spccificd.  All
particles are assumed spherical cxccpt  for dust (prolate/
oblatc spheroicls)  or cirrus (1[-actal  facet gcomcky).

‘1’hrcc  retrieval pathways arc specified f’or surface
reflectance to separate sLmfacc-mtlcctccl and path radiance
components: ( 1 ) dark ocean or lake waters, (2) dense ckwk
vegetation (Ijl>V),  ancl (3) hcterogcncoLls  land, Rcllcctancc
charactel-istics of surlace types ( 1 ) and (2) arc spccit’icd from
sclcctcd s[andarct l)I)V BRI~ models. ‘1’he retrieval path for
type (3) Lrtilizcs spatial variations in the sLlrlacc rcllcctmrcc
(hence heterogeneous) to develop an I{mpirical  C)r-[bogonal
Function (FiOF) representation ol’the angular variation of the
scene reflectance, which is employed to separate sLlrfacc-
rellccted and path radiance components. SubscqLlcntly, for
all pathways  the procedure is to match observed ri)diances
with calculated radiances Ior different models in the
climatology tables using the path radiance (zero surface
rctlectancc)  alone. These procectLlres arc explained in dc[ail
in [1].

AI. GC)RI’1’HN1  AND PRO1)~J~’I’  VAI.11)A”1’1ON

MISR validation activities arc divided into two phases:
( I ) prc-launch,  focused on accumulation o! instrL]nlcnta[ion,
development of methodology, and field cxcrciscs  ainwl  at
algorithm validation; (2) post -la Llrlch, l’ocuscd on validation
()! [he omorhit ins[rumenl  calibration and Llpon product
i’alidatiorl Llsing f i e l d  cxpcrimcn[s  co{mlina[cd  wi[h
{)vcrtlights  t o g e t h e r  with obscrva[ions  tr[~nl aLltorllatcd
nc[wor-ks  ot’ sunphotoruetcrs  inclLding AIll<ONIi’I’  [2] itl][l

radiation instrLlnlcnts  of [he 1S1S nc[work [3].

f’icld Ins(rLlrncnts  and MISR Aircraft Simulator AirMISR

‘1’I}c  principa} field instrun~cl~[s used for retrieval of
aerosol (Il)tical dcptb and rnicrophys  ical proi~crties  and for
dc’tcrlllina[ior} of surface BRF: arc dcscri[~cd:

C“/hl/<[, Sky atd Sutt I’twtottteter:  ‘l”hc 0 MIil. (3 i 318-3
is an autonlzrlcd instrument capable of’ long term monitoring
of both diwct solar irradiancc  and diffuse sky irradiancc  in
the solar alnlLlcantm and principal plane, and can operate
over cxtcncled numbers of days unattended. It is the principal
instrument of the so-called AERONET aerosol rnoni[oring
nctwor} 12] and will therefore play an important role ili post-
launcll MISR as well as MODIS product validation.
Obse[  ~a[ions at rcsoltrtion of 10 nm arc made by flltcrs at
wavelengths of 300, 340, 380, 440, 670, 870, 940, and 1020
nnl. ‘1’he data form principal input to software [4] for
col Lln~rlar  aerosol features. A data transmission systcrn
througl]  gcosta(ionary  satellites feeds field infor[natiorr  to
computers at Goddard Spaccflight ~errtcr.

Rqyill Slttt[)}l[)torJieter: ‘she so-called Reagan
sLlr~photon~cters (rnanufac[urcd  by J. A. Reagan, University
of Arizona)  automatically track the sun and record clirect
solar iuadiancc.. ‘1’hc.sc data can be used for dctcr[llination  of
atmospheric total spectral optical depth and for the
separation of it into molecular, cwonc, water vapor and
acIt)sol  ,~~~tical  depth components bawd on (I)c smcallcd
1 ,angley rllcthod,  ‘1’hc  ten !Iltcr channels (7-17 rlrll width)
rccordcd  arc near 380, 400, 440, 520, 610, 670, 780, 870,
940 ancl 1030 nm.

A4111ti}f’ilter h’oIatitlg .Yitc~{I<)bt!)[[tlcl  Rdiotnetet-;  7’hc
Multifi!ter Rotating Shadowband  Radiometer (M1’RSR),
[5], prol,idcs  autorllatcd, u n a t t e n d e d  r e c o r d i n g  a n d
separation of total-horizontal, direct-normal, and diffuse-
Ilorizontat irradianccs,  The instrument forms one component
of [hc ISIS radiation network [3]. Six narrowband filter
channels (each 10 nrn) arc located at 415, 500, 610, 665, and
862 nm, and a broadband unfiltered channel covering about
3(K)- 1000” rim. ‘1’hcse  ckrta provide aerosol optical depths,
w~iter  vapor col Llrnn abunclance,  plus direct measurement of
sLlrface spcctrat  irradiancc for- comparison with MISR-
calculatcd quantities, The data are Llscd with theoretical
rnodcls (C. <q., [61, [7], [8]) for cs[imation  of a regional
[ .arrlbc[-tian sL[rlacc retlectarrcc  ancl bLl]k aerosol complex
index of ret’[-ac[ion ancl also to retrieve aerosol optical depth.

[’ort[il)le App[iratus for Rclpid Acquisitim  of 8i-
direct icmal Obsenati{)tls of the L a n d  wd Attnrtsphere
(1’ARABO1.A 1/[):  This sphere-scanning radiometer has a
l~)ng prcvioLls history in a different mechanical corlfigLrration
:i\ l) AR AROI. A I [91. PA RABO1.A III measures the
cx)rnplctc  distribLl[ion of raciiancc at n site from both sky and
{~round  hcrnisphcrcs  in 5° fickls-of-view. These data arc~-
LIWd in the dcflnin~ eqLJatiorr  for boundary energy
conservation [o cstima[e the bidirectional rcllcctnncc factor
(IIR[’,  see [ 10]). PARABO1.A 111 has bancis near 443, 5S1,



650, 861, 948, 400-700 (l’AR), and 1655 nm. In addition tcr
BRF, PARABOI.A III will provide high dynamic range
Iradiancc n~casurcrncnts in all sky azimuths 5° apart ,
including zcni[h to Ilorizon data. ‘1’hcw latter rncasLlrcnlcnts
provide indc[)cndcnt cl:ita sets not included in the inverse
p[-oblcms 10 I r-ccovcl y of p h a s e  f u n c t i o n  a n d  si/c
distribution, and arc tllcrcforc  uscfLtl in aerosol closu!’c’
experiments.

AS[)/GfiR  Spcctrc)t)lctcrs: “1’wo  spcctromctcrs a[ c
cmployccl  in field operation. “1’hc purpose 01 these
instruments is to plao the sparse aerosol optical depth ancl
the surface rcllectancc  determinations by MISR in context
with data of higher spectral rcsol Lltion extending over a
broa(fcr  spectral I an:c. BLJth inslrLlnlcnts u)vcr tllc
approximate spectral range from 350-2700 nnl with a
rcsolLltion of’ - I O nrn and a spectral sampling interval of
abou[ 2 nm. l’he ASI) instrument is dclroted  to rapid
n~easurcmcnt of S111- faCC hemispherical directional
reflectance while the GI; R focuses on rccovcry  of high
resolution optical depth of the atrnosphcrc  using the I.angley
method (dcscribcd below).

AitM/SR: AirMISR h;]s been fashioned fronl a spare
hfISR c:irncra and mounted on a gimbal to rotate on an axis
pcrpcndic  Lllar 10 the direction of aircraf[ motion. Irnagcs
sir~~Lllatirlg  MISR viewing arc built up t’or czch MISR view
angle ancl w’avclengttl  Iitlc by line in pushhroom  fashion
through forlvard motion 01 the aircrafl.  ‘1’bc instrument
resides in the nose of the liR-2, At 20 km al[itudc abOVC the
surtacc, the IN3V of the AirMISR carllcra of 0.36 rnrad
prc~vides a ground footprint ranging froln 7-22 m alcmg
track  ‘1’hc  fLlll image size can vary depending on view angle
and the programmed time line of’ dark cLlrrcnt observation,
slew, and dwell for irnagc acquisition. l:or exanlple one
cxtrclnc acqLlisition  time line (14.96 mintrtcs  total elapsed
time) generates images ranging from about I I km on a side
at nadir- to 25.5 km (along track)  X 32.9 Knl (across track) at
the c.xlrcnw view an.glcs 01 *70°. ~’he rcsultin:  l-tigh[  lines
can be quite Icngthy to get the cornple[c angular  range. Ior
example in [he above, beginning and ending 90.5 km tcr
either sicfc of the target point.

(’alibratiort and In(ercornparison  of Ins[runwnts

[’ifid in.slrwnetlt.s: Bccaosc  of inhcrcn[  changes in
instrLlnlcnt behavior over time and also hCC:LUSC  of the snlall
disp:lritics in wavelength bct~vmn channtls  of all field
i n s t r u m e n t s  alrcacly dcscribcd, these ins(rLln~cnts  are
rcgu]arly c a l i b r a t e d  a n d  inlcrconlpared.  l“bc I .aaglcy
nlc[hod [ 11 ] Ior dctelmination  of instrunlcn[ V,, is Lltilizcd
and othcl” approximate [r:~llslor[ll:ilit)rl I’LJI  n~ulas hclivccn
rcsprmses arc developed. ~alih[-a[ions arc earl icd ou[ at high
altit Ldc nloLlnt ain sites by ohscrving  [Iw sun ([0 cxpcricnce
n~a~irnum  cxpcclcct dynamic range) Llndcl-  stahlc clear sky
conditions, 1[ IS cxpcctcd that the Irlhe[-cn[ prohlcrn  of
atnlt)sphcri~  variability with air mass will always be present,
tILI[  lniniruized f o r  sLlch s i t e s .  In  addition lhc spcutral

rcspolise  functions of channels on aII instrurllen[s we
dctcrmincci in the laboratory using a monochrornator  with
sli[ wicith set for 1-2 nrn. The calibration of water vapor
L’har~llris  is always determined relative to other cllanncls  in
tlw laboratory. Histories of instrument calibration arc kept to
t[ack 1)( I forlnance changes with time.

Vicatioux  Calibration of AirMISR and MISR;  Vicarious
calibration of instruments in-flight is synonyrnoLls  with use
of tllc smcallcd reflectance-based method [ 12]. The
calibration of MISR and evaluation of possible instrument
drif[  over time is crLlcial to the long-term succcss  of
dctcctin~, SfJCLll;ir changes in acrc)sol and surface
cll:lra( !c.rlstlcs of the F.arth-atmosphere syst. [n. ‘I’he
vicar i~nls calibration pathway is indcpcndcnt  of picfligbt or
ol~-hoa[d  calibration mocies. T’hc vicarious method clnp]oys
a radiative trartsfcr code (R1’C) to predict top-of-atmosphere
radiance above a natural target surface. l’bc surface
rcftcctancc  and the atmospheric optical depth plus an aerosol
model anti water vapor abundance arc used to constrain the
code. ‘1’he  aerosol model itself is constrained by ground-
based or, where possible, by direct sampling of aerosol
properties. l’be R1’~-calculated radiance is compared to that
predirtcd at the sensor for the target area given a laboratory
01 oll-lmard estimate of the calibration. It is expected that dry
lake lwds in rcrL~ote desert environments at rnoclcratc altitude
(-S()()() feet) will be employed to minirnizc atn~ospheric
in[clf”c.rLncc.  An example site is lunar lzrke, NV.

}’rincipal Algorithms

[’1-imary clcrncnts  of the MISR aerosol validation activity
arc: ( i ) verification of the aerosol optical depths and types
rctricvcd  by this novel nlLllti-angle method, (2) establishing
independently the appropriateness of the local aerosol
climatology sclccteci by MISR for the retrieval(s) (3)
providing estimate.s of uncertainty for the retrieved
qLlantitics.

Method of Aerosol (3ptical lkpth Retrieval: I“he total
optical depth retrieved using the Langley method [ 1 I ] from
sLlnphotonlcter  observations of the direct solar irradiance in
the -400-1000 nrn region consists of components due to
aerosols, molecular (Raylcigh) scattering, op,onc and water
~apor.  ‘1’hc n~olccLllar scattering optical depth is estimated
from rt~casurcnwnt  of the atmospheric prcssLn-c.  The
diflercncc bc[wccn the total and Raylcigh sca[tcring optical
dcp[hs is termed the residual optical depth. Except for the
~vatcr vapor absorption band itself (-940 nrn), continuum or
hand absorption clscwhcrc by water vapor is neglected. The
aerosol optical depth in the 940 nm band is obtained by
l[~[cr[>c)l;iti( lr](extr:lpolatic)n)  bctwccn  (from) rcsidLlal optical
depth components in adjacent bancls. The ozone columnar
and aerosol optical dcp[hs are retrieved together using a
[echniquc developed in [ 13]. This method avoids the
assumption, often en~ployed,  of a power law form for the
acr~lsol spectral optical depth variation.



Microplly.sicul Properties of Aet o.sols,  SK YRAt).pack:
SKYRAD.pack is a code developed by Nakajima  C( al. [4]
for remote estimation 01 columna[ equivalent aerosol
volu Inc si~.c distribution. sirl:’lc scat[cl ing phase function,
aerosol optical depth, and sinylc sua[[ct’ing al bcdo. (’f ’his
code has kindly been m:II Ic avail ab’c to us by Prof.
Nakajima).  l’bc measured inpLl[ data lecluircd arc those
supplied by the CIMEL sunphotometcr, namely clircct solar
and diffuse sky radiances as measured in the solar
aln~Llcantar, and (optionally) spectral optical dep[b derived
from the clirect solar irradiance n~casLlrcnlent,  An iterative
schcnle is Lltilimd in which the o b s e r v e d  r a d i a n c e
distribution in both the allnucanta[ and principal plane is
compared to that calculated with a radiative transfer code.
l;or [he iteration, initial gLlcsscs mLls[ bc sLlpplicd for the
aerosol complex refractive illdcx, t-adiLls limits o n  the
particle size distribution, the surface spectral al bcdo, and
initial ratio of sky racliance to ditcct solar irracliancc,
obtained from [he observations. When direct and diffuse
solar radiation observations arc employed together with
optical depth measurements, the detectable radius interval
for aerosol particle size retrieval is dc[crmined  to bc about
30-10000 nm.

Iz’.slittlatim o f  .rutflicc albcdo atl~l cotty)lc.r t-cfrmti~’e
itldo.v: A statistical metbocl dcve\L)pcd  by King and Iler[nan
[6] and King [7] is used to cstiniatc the optimal values of the
g r o u n d  alhcdo and efkc[ivc index of  absol ption of
atmospheric particLllatcs,  ‘1’hc method compares the ratio of
the diffuse to direct transmitted solar irrmtiance to radiative
[ransfer computations of these qLlantities and is thcrcforc
suited [o analysis of MF’RSR obset-vations  [5]. l’he ratio is
sensitive to optical depth, particle size distribLltion and
absorption index, and ground al bcdo, and is insensitive to
o[hcr  radiative transfer parameters, c.:., the real part 01 the
ret’ractivc iodcx, verlical distribution of the atmospheric
parlicolatcs. Both optical depth and size distribution are
intcrtcd from the spectral mcasurcmcnts of the ciircctiy
transmitted solar irradiancc. ~omparisons of ti~c observed
and calculated ratios allows the in fcrencc  ofeffcctivc  values
of [he absorption coefficient and a weighted average  albcdo
o~cr the entire area which affects ti~c transfer of radiation.
An advantage of using the difluse-direct ratio is that absolute
calibration of the instrument is not neccicci.

ltl~’er.siott of .spectrdl  optical depth J))r six di.vtt-ibutiml.’
While six distribution estimates wiii be ohtaincci from tile
SKY RAD.pack  inversions, we wiii in aciciition employ the
inversion tccbniquc on spectral variation of acrosoi optical
cicptil cievciope(i in [ ] 4] anti [ 15] for LISC  witil our oliwr  direct
beam sLlnphotonle[ers, as wcil as iligh resolution silectrai
t)ptical  cicpth rc[ricvais from [ilc ~JIiR spcc’[rometer,  which
not oniy potentially increases ti]c nLln~ber of bins in the six
ciistri bution but aiso the rc[ric~, able particie  size range.

I’A R4BOIA //1 ttlc~~sf{rf))lctlf.s:  iloti] [he Llpward an(i
Liownwarci radiance measurements t’r~)nl  1’ARABOi .A Ili as
a function ot’ sLln zenith an:ic am combincci tt)gcti~cr in an
;Ilgorl[il[ll  dc\JeIopccl by Martonchik  [ i 0] to estimate 10cfl!
surface  BRF by iterative solution  of an intcgrai equation

describing rcflcctcd light energy at the surface. This
procedure explicitly accounts for the presence of directional
diffuse iight, wilich cannot  ordinarily be accounted for by
simple bidirectional lile.asurcnmn[s  with flcld instrurncn[s.

Meti]o(i of O)lnbini’lg  Aigoriti]rns for Aerosol
Microphysical  Propci Ly Iktimatcs

l’hc inversion aigoritilms  described provide a significant,
son]ctimcs  rcciunciant,  observational basis for recovery of
tile rcquirecl aerosol opticai depth and otim MISR acrosoi
climatology imramctcrs.  A method of combination of these
observations is coiiIpJ ISCd of the following steps:

( 1 ) ‘1’hc  total spcc:  al optical depth will bc obtained from
ciircct solar irraciiano measurements taken with the Reagan
and CXM}il. sur~i~llc~t~)ll~cters.

(2) ‘i’bc aerosol optical depths as a function of time are
timn caicuiatcci, reconciled, and intcri~olatecl to MISR
Wavcicngti]s.

(3) Sin~Llltaneous  Mi’RSR observations of diffuse and
clircc[ sky and soiar irradiances are interpreted according to
ti~c mctimds of [6], [7], and [8], and estimates of “regional”
sLlrface spectral albcdo and real and imaginary complex
inciiccs pr(l(iuced.

(4) An cs(imatc  of the “local” spcctrai  albcdo is generated
from PARABOI.A 111 observations for the currently
avaiiable range of sL]n ?.enith angles. “1’hc ‘Lrcgionai” anti
‘Liocai”  ali]cdo valtl.. :irc compared, for reasonableness.
IIotil  values may bc utilized independently in subsequent
calculation, but such use of the PARABOLA 111
lncasL}renmnts  compromises thcm as an independent data set
against which raciiances  subsequently calculated for the
aerosol rnociel can be compared.

(s) ‘1’he measurements of optical depth and estimates of
acrosoi incicx and surface albedo (cliffuse/direct-based) are
imporled to SKYRAD.pack for  calculat ion of  s ize
ciistribLltion, phase function, and singic scattering albcdo.

(6) ~Jsing the derived aerosoi  modci thus estimated, a
radiative transfer code is employed to caicuiate the
downwarci  directed radiance as a function of position over
the sky. l’hesc radiance values arc compared with
PARAIIOI.A  111 sky radiance observations, which have not
yet been employed in the calculation stream, to achieve the
current resuit.

(7) I’bc goodness of fit is jLldged by comparison of
calcLliatcci and measured sky raciiances. Roughly i 300 such
individual PARABO1.A lit observations will be available
for this comparison.

(8) An iterative scheme may need to be established once
sensitivity anaiyscs determine the causes of extant
cicparturcs  between calculated and measured quantities.

C’losurc  tlxpcrimcnts and Connections v.’ith I)irect Aerosol
Sampiing

(’iosurw  experiments arc cruciai in dcciciing on viability of
rctricveci aerosol and surface reflectance mocicls adopted at
cxpcrimcnt sites. For example, radiative closure i]crc implies



agreement between irradiance.  s C:IICLIIZI(C(I  fronl  a radiative
transfer code with a speciticd aerosol and surface rellcctarrce
m o d e l ,  a n d  vaiucs measurc(i at tile sLirfacc. We have
cxerciscd portions of tiw ciiffLlsc-di[cl irtaciiancc proccciure
d e s c r i b e d  above t o  s t u d y  sensitivity  of c:llcul:ltcd
ciownwciiing spectrai ir[a(iiance to I: Icdci  assumptions about
aerosol rcfraclivc in(icx an(i SUl”f:\CC (1.ambcrtian)
retlcctimce to torcc agreement  with Iicld m e a s u r e d
ciownweliing irradiancc. ‘1’he  obsclvations consistently fell
i~clr)w lllocicl-c;ticlll:~ tedirr:tciiiltlccs i)y 15-20% forthcinitial
aerosol moclel adopted. Agwement between mocicl values
and obscrvatiorrs  was easiiy arili[’veci by increasing the
imaginary index ofaerosot  par[icles f’1O1llO.  ()()5to  0.04, for
exami~lc, wilereas  no reasonable a(i,.lsllncnt of tile surface
1.an~bcrtian reflectance proved suit:~l)ie., The rcciuireci value
olti]c  imaginary index is consistent witi] the val Llc ohtaincci
for miclcontincntal aerosols of’ O.fi4 fronl otilcr analyses [ 16].
‘f-he results of sLIcil illtercc)lll[larisf)tls  will 10 some extent
always remain arbitrary unless the plccisc aerosol size anti
compositional model can bcspecillcdby  ciirect observation.
Details of these studies will bc reported elsewhere.

SL1nphotolncter and Raciiatiorr Ne(works

LJsc of the so-called AIiRON}~’I’  and 1S1S nctwrorks  for
local vniiciation  of MISR acl-osoi oi~ticai depti~, particulate
n~icrophysic.zl properties arrci surface irradiarrce  has been
Illcntione(i  above. Obse(  vations of” n[liiosphc[  ic opticai ciepth
from single instrLlnlents  r~fcr-  to line of sight values strictiy
applicable to tile local area wilcrc inhomogcncolls
atmospheric comiit ions prevail. 1 ’ 0  mscss tile spatiai
~,ariation ot’ aerosol proper-tics anti ;ISSCSS  ti]c probicms  ot’
rccovcly ovel  iarger  ciomains  pertinent to the MiSR scaic of
:wrosoi  rctrievai at i ()-2() km, WC will employ networks of
intcrcaiihratcd ins[rumcnts  ari-angcci ()[1 rcguiar  gricis. “1’ilc
use of optimal interpolation anti averaging methods will hc
useci to infer averages at these scales.

[~~J’I’~JRE WORK

IJLlring caiendar year (~Y) 1997 flelci experiments wiil bc
earl-icci oLlt where possible wilh AirMi SR (o provi(ic
important ncw data sets for MISR algoriti~m validation.
Choice of field sites represents an attempt to combine
[(~getlLer  important acrosoi  anti sLlrf:~ce types O! the MiSR
rctricv:]l  slrategy. [;or ~Y 97 cxi>crimcnts  al-c prescntiy
sci~eLiLlicci  for [he foiiowing Iocaii[ics: ( i  )  Jornxia
[ixpcri[ncntai  l’est Range. N M ;  ~onlincntal  acrosois  and
hctcl-ogcncous surtacc rctlectance, iatc May ;  ( 2 )  I. Llnar
I.akc, NV; Arid region aerosols, i~etcrogcncoLls  rcllcctancc,
iatt June: (3)  RockspI ings, PA; sLlifate/nitrate aerosols.
ilcterogeneoll> rcficct:lnc’e: lnici .4 USLIS1,  (4) M{mtercy  ~~ay,
CA: marine acrosoi, ciwp oce:in w:~tcr rctlcctancc. nlici-
September. In CY 1998, :1 schcxiulc tor aer(mi  [~bscrvations
tiluslar inciudes  tile loiioivlng silts: ( i ) P:lcit’lc nortilw’cst;
biomass burning particul;ltrs [)vcr forest  cover  0[ V.’:iler,  (2)
~d~~ritia Keys: dust acros(~i over marine waters; August-
Scptcmbcr.

~onncctions  with direct aerosol sampling on the ground,
anti by aircraft, as wcil as determining vertical distributions
from sLK-il sampling and from Iidar observations will be
strcsscci.,  “1’hc usc of network observations coordinateci with
ficlci tests and ovc!-[lights  of AirMISR will also be scmght
prciirnili.<r y to ailplication  systcmaticaiiy in post iauncil
time.
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